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A Iter a brief description of the study area, Nylsvley - site of 
the South African Savanna Ecosystem Project - and a 
summary of a recent phytosociological survey, an account is 
given of the following aspects of the vegetation of the area: 
species diversity; woody plant structure; herbaceous layer 
cover and relat ive occurrence; ordination and pattern of the 
herbaceous layer; ordination and pattern of woody and 
herbaceous plants; and aboveground plant standing crop from 
two surveys. Results are based on both published and 
unpublished studies. Methods, which are described briefly, 
included entire stand mensuration for structure and standing 
crop, narrow transects tor pattern studies and the wheelpoint 
apparatus for cover and relative occurrence. 
Throughout the paper the great diversity in structure, 
pattern, species composition and aboveground plant standing 
crop found at the within·s ite scale and previously referred to 
as a 'more than Daedalian maze' is highlighted. 
S. Air. J. Bot. 1983, 2:26-41 
Na 'n kort beskrywing van die studiegebied te Nylsvley -
tuiste van d ie Suid·Afrikaanse Savanne-ekosisteemprojek- en 
·n opsomming van die fitososiologiese beskrywing van die 
gebied, word verslag gedoen oor die volgende aspekte van die 
plantegroei in die gebied: spesiediversiteit; houtagtige 
struktuur; basale bedekking en re latiewe teenwoordigheld van 
kruidsoorte; ordening en patroon van die kruid· en houtagtige 
soorte en die bogrondse fitomassa. Die resulta te is gebaseer 
op die resultate van ongepubliseerde sower as gepubliseerde 
studies. Die metodes wat kortliks beskryf word, is vir die 
uitmeting van stande vir struktuur· en fitomassabepalings, 
transekte vir patroonanalises en die wielpuntmetode vir die 
bepaling van basale bedekking en relatiewe teenwoordigheid. 
Die groot diversiteit In struktuur, patroon, spesiesamestelling 
en bogrondse fitomassa binne en tussen persele word 
deurgaans beklemtoon. 
S.·Afr. Tydskr. Plantk. 1983, 2: 26-41 
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1. Introduction 
It is unlikely that any area in South Africa has been studied 
more intensively than the Nylsvley savanna ecosystem of the 
Northern Transvaal, and a large amount of data has been 
accumulated over the past 8-10 years. 
The objective of this paper is to collate all the published 
and unpublished information about the plant component 
(excluding plant productivity studies) of the ecosystem. This 
includes results of an initial Braun-Blanquet phytosociolo-
gjcal survey, plant species diversity studies, pattern and 
structure analyses in both the woody and herbaceous layers 
and estimates of woody plant and herbaceous layer standing 
crops. Results of plant production studies (Cresswell et a/. 
1982 and Rutherford 1982) are not reponed here. 
The study area is in the Nylsvley Nature Reserve, about 
200 km north of Pretoria, South Africa, the site of the 
Savanna Ecosystem Project. The Reserve is in a landscape 
of low relief, with extensive undulating terrain at about 
I 100-m altitude. The area is underlain by sandstone, grit 
and conglomerate of the Waterberg System. Outcropping 
sandstones form Maroelakop, a prominent hill dividing the 
study area into approximately eastern and western sections. 
Away from the lithosols of the top and steep sides of 
Maroelakop, well-drained Hutton-form reddish sandy soils 
with depths of about 2 m dominate (Harmse 1977). These 
soils are old, relatively coarse, deeply leached and very 
nutrient poor. 
The climate of Nylsvley has been briefly outlined by Hirst 
(1975) and Coetzee e1 a/. (1976). More detailed information 
is given by Huntley and Morris (1978), from which the 
following summary was extracted. The average annual 
rainfa ll is about 630 mm, most of which falls during the 
summer months from October through March, although 
marked fluctuations in total annual precipitation and 
summer droughts (December- January) have been 
recorded. The hottest month is January, when the mean 
monthly maximum exceeds 22 °C. Ground frosts are 
recorded on about 20 days during winter and the extreme 
grass minimum temperature recorded was below -9 oc. 
The study area falls within the Mixed Bush veld veldtype 
of A cocks ( 1975). Of the two main variations of this type, 
Combretum apiculatum veld and Mixed Terminalia-
Dichapelalum veld, Nylsvley falls within a variation of the 
latter, namely Burkea veld. Of Mixed Bushveld, Acocks 
S. Afr. J. Bot.. 1983. 2(1) 
( 1975) writes that ' . . . this veld type is a more than 
Dacdalian maze of variations and transitions'. This can be 
substantiated from studies at Nylsvley, as we will point out 
in our conclusions. 
Distributions within sout hern Africa of the three most 
common tree species of the study area, Burkea ajricana, 
Oclma pulchra and Terminalia sericea, were obtained from 
PRECIS (Morris & Manders 1981). All three have 
remarkably similar distributions at the southern extremes 
of their ranges and also occur nonhwards to south-central 
Africa. They extend from the central and northern 
Transvaal, through Botswana to the north-central part of 
South West Africa/ Namibia. T. sericea has the widest 
distribution and also extends from this range south and east 
through Swaziland to northern Na1al. These distributions 
are typical of species of the extensive Sudano-Zan1besian 
Region of Werger (1978), into which phytochorological sub-
division Nylsvley falls. 
2. Phytosociological survey 
A detailed phytosociological classification of the whole 
Nylsvley Nature Reserve was undertaken by Coetzee eta/. 
( 1976), making use of the Braun-Bianquet method (Werger 
1974). From their account, the vegetation of the study area 
comprises a mosaic of broadleaf communities on the deeper 
latosols and shallow lithosols with small patches of Jep-
tophyllous thorn savanna on possible sites of long abandon-
ed African villages. The broadleaf communities include 
Eragrostis pallens-Burkea africana tree savanna on sands 
of the Clovelly, Hutton and Mispah forms and Barleria 
bremekampii-Dip/orhynchus condylocarpon savanna on the 
shallow lithosols of Maroelakop. The former is characterized 
by a large number of species including Grewia flavescens, 
Strychnos pungens, S. cocculoides, Lannea discolor and 
Securidaca longipeduncu/ata a~ constant differential species 
in the tree and shrub layers and the grasses Eragrostis 
pal/ens, Aristida argentea and A. stipitaw, the herbs Ver-
nonia poskeana, Limeum viscoswn, Cleome maculata, C. 
rubella and the geoxylic suffrutex, Dichapetalum cymosum, 
in the field layer. Coetzee eta/. ( 1976) identified three varia-
tions within this community, the most imponam one within 
the study area. These are the Eragrostis pallens-Dombeya 
rotundijolia, E. pal/ens-Setaria perennis and E. pallens-
Traclrypogon spicatus variations. 
Within the Barleria bremekampii-Diplorhynchus con-
dylocarpon tree savanna, the following common differen-
tial species are reported by Coetzee eta!. ( 1976). Diplorhyn-
chus condy/ocarpon, Barleria bremekampii, Tephrosia 
longipes, Rhynchosia tolla, Corchorus kirkii, lndigojera 
comosa, Asparagus saundersiae and Euphorbia 
neopolychemoides. Scattered through the Eragrostis pallens-
Burkea africana tree savanna are small patches of lepto-
phyllous thorn savanna. The community is differentiated 
by Eragrostis lehmanniana, which is the only dominant grass 
and by Solanum delagoense and Crotalaria pisicarpa. The 
thorn tree savanna is dominated by Acacia nilolica, A. for-
ti/is and Dichrostachys cinerea in the tree layer while 
Schkuhria pinnata, Leucas neuj/izeana and Eragrostis 
pal/ens are common field layer constituents. A vegetation 
map and Braun-Bianquet tables are presented by Coetzee 
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eta/. ( 1976) and photographs of the major vegetation types 
arc included by Huntley & Morris ( 1978) and Coetzee eta/. 
(1976). 
The major physiognomic, dominance and physiographic 
types in the reserve correspond well with floristically defin-
ed communities and were readily delimited in the field and 
on aerial photographs by Coetzee era/. (1976). The major 
physiognomic vegetation characters that change in relation 
to floristically defmed communities are presence, cover and 
leaf or leaflet size of trees and shrubs. The vegetation dif-
ferences correspond well with differences in soil forms, series 
and phases. Important soil differences that are related to 
physiognomic and floristic vegetation differences are tex-
ture, depth, drainage and nutrient status as determined by 
geological origin, topographic position and disturbance. Fre-
quency and severity of frost, which are correlated with 
topographic features and thus with soil differences, may also 
be important determining factors. 
A total of more than 220 species were recorded by Coetzcc 
era/. (1976) in 109 releves laid out within the Eragrosris 
pallens-Burkea africana tree savanna with 40 to 75 species 
being noted per individual releve. These data give an idea 
of the species diversity of the s tudy area. 
3. Methods 
3.1 Sampling areas 
Five homogeneous areas of the ecosystem study site were 
demarcated on the basis of aerial photographs and a sam-
ple site was chosen within each area (Lubke 1983) for in-
tensive study. All fi,e areas fell within the Eragrostis pal/ens-
Burkea africana savanna of Coctzee era/. (1976). 
Areas B, C and E were classified as the E. pallens-
Dombeya rotundijolia variation while Area D was classified 
as the£. pallens-Trachypogon spicatus variation. Area A 
fell partly within the E. pallens-Dombeya rotundijofia varia-
tion and partly within the£. pal/ens-Seta ria perennis varia-
tion. Each sample area consisted of 5 x 5 m contiguous 
quadrats in 6 or 10 parallel transects of varying lengths 
depending on the size of the area. The number of quadrats 
per transect varied from 384 (Areas D and E) through 640 
(A and C) to I 280 (B). The area sampled represented about 
IOO!o of the total ecosystem study area. These five areas 
(referred to as Area A- E) were used for the surveys 
reported on below: woody-plant structure, herbaceous layer 
cover and relative occurrence, ordination of herbaceous layer 
and one of two aboveground standing crop studies. These-
cond aboveground standing crop estimate was made in an 
0,88 ha game-proof exclosure plot (referred to as the ex-
closure plot) located near the study area weather station 
where litter input studies ha\e also been conducted (see Frost 
er a/. 1983). 
The ordination and pattern analysis studies of Whittaker 
eta/. (1982) were based on six I m wide strip transects (refer-
red to as transects I - 6) taken during January 1979 to repre-
sent different phases of savanna. Transect I, the principal 
transect and the only one discussed in detail in this paper, 
was I 025 m long in recently-burned typical Burkea 
africana-Eragrosris pal/ens savanna. The tape was laid out 
with north-south orientation, but some segments changed 
direction at an angle to this to avoid evident vegetational 
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hererogeneity. The terrain sloped gently to the north and 
the lower end of the transect approached, but did not reach, 
the Nyl River floodplain. Transect 2 sampled an adjacent 
area of the same community, unburned for more than four 
years and extending for 200 m through Burkea ajricana 
savanna with the last part showing change in composition 
towards an Acacia karoo patch through which the transect 
was extended to end at 325 m. Transect 3 sampled 300 m 
o f Acacia tortilis-A. nilotica savanna near the weather sta-
tion. Transects 4 and 5 were, respectively, on the side and 
top of Maroelakop in Barleria bremekampii-Diplorhynchus 
condylocarpon tree woodland. Transect 6 was sampled in 
a denser, more mesic phase of Burkea ajricana savanna with 
Terminalia sericea dominant. 
The study area used by Grossman ( 1981) for herbaceous 
layer dry matter production was close to the exclosure plot 
in typical Burkea ajricana-Eragrostis pal/ens savanna. 
3.2 Species diversity 
Ten standard 0, I ha land-plant diversity samples (Whittaker 
et a/. 1979) were also taken in the transect areas by Whit-
taker eta/. (1982). Each diversity sample included counts 
of numbers of plant species present in 10 contiguous 1-m2 
quadrats, two 2 x 5 m areas, a 10 X 10m area and the 
full 20 x 50 m sample. The counts of species numbers were 
used to calculate the coefficients in the regression S = b 
+ d log A (S is species number and A area in m2 ; dis the 
slope of species increment with increasing area and b a 
regression estimate for species number in 1 m2). 
Various diversity measures were also obtained directly 
from the six transects. 
3.3 Woody plant structure 
The four most common species, Burkea africana, Ochna 
pulchra, Terminalia sericea and Strychnos pungens, were 
divided into three height classes determined by a pilot study 
of the frequency distribution of individual plant heights 
(Lubke 1983). Grewia jlavescens differed markedly in its 
growth form from the other trees and shrubs in that a large 
number of slender stems originated from a subterranean 
rootstock. For our study, clumps of stems from a rootstock 
were considered to be an 'individual'. The numbers of plants 
of each species and height class, where applicable, were 
recorded in each quadrat, yielding percentage frequency and 
density values for areas A - E. Structural data required for 
the calculation of biomass was recorded for individual 
plants. Relative frequency, density and dominance of each 
species were used to calculate importance values (Curtis & 
Cottam 1969). Further details of sampling methods for this 
survey are given in Lubke (1983). 
3.4 Herbaceous layer cover and relative occurrence 
Wheelpoint surveys of 2 000 points each (Tidmarsh & 
Havenga 1955) of the herbaceous layer in areas A- E were 
conducted during February and March, 1975, 1977 and 1980 
(Theron eta/. 1 982). At every point a strike (rooted plant) 
or, in the case of a miss, the closest plant to the point was 
recorded. The total basal cover of the field layer and of dif-
ferent plant species were calculated according to Tidmarsh 
& Havenga (1955). Relative occurrence (frequency) was 
S.-Afr. Tydskr. Plamk., 1983, 2(1) 
calculated as the number of times a species was the nearest 
plant to a point expressed as a percentage. Similarly, an ad-
ditional bridgepoint survey of 2 000 points each under trees 
and in the open (Van Rooyen & Theron 1982) was conducted 
in 1975 in the exclosure plot. Basal cover and frequency per 
bridge were calculated. 
3.5 Ordination and pattern 
Both multivariate ordination techniques and pattern analysis 
methods have been applied to the Nylsvley vegetation. Or-
dination of the herbaceous layer in the intensive study areas 
(A- E) was done by Theron eta/. (I 982) to determine the 
ecological position and possible heterogeneity in the Burkea 
africana savanna. Both ordination and pattern analysis were 
applied by Whittaker eta/. (1982) to combined herbaceous/ 
woody data of transects I - 6 in other areas within the 
Burkea africana-Acacia spp.-Diplorhynchus condylocarpon 
mosaic. 
(a) Ordination of the herbaceous layer 
Within the five areas (A - E) six 200-m transects consisting 
of contiguous 1-m2 quadrats were laid out, one each in areas 
A, C, D and E and two along the gradient in study area 
B. Each quadrat was subdivided into 16 equal units and the 
rooted frequency recorded for each herbaceous species and 
woody species up to 0,5 m in each quadrat. The presence 
and absence of tree cover was also noted in each 1-m2 
quadrat. 
Detrended correspondence analysis (DECO RAN A - Hill 
1979) was the ordination method applied to each of the six 
transects in turn, local frequency in each 200 quadrats be-
ing the data used. DECORANA is a substantial improve-
ment upon reciprocal averaging (Hill 1973), avoiding the 
two main problems thereof, namely, the frequently en-
countered 'arch' caused by the quadratic dependence of the 
second and successive axes on the first and the compres-
sion of axis ends. Two-dimensional plots of species scores 
were produced and because sampling was done by means 
of transects consisting of contiguous quadrats, traces and 
profiles of DECO RAN A scores could be plotted (on they-
axis) against quadrat number running from I to 200 (x-axis). 
(b) Ordination and pauern of woody and herbaceous plants 
Primary reliance for the pattern analysis was an ordination 
of the contiguous 1-m2 quadrats from the six transects by 
their species compositions (Whittaker eta/. 1982). Results 
of the other pattern measurements were generally less 
satisfactory than ordination and are not included in this 
review. Ordination can contribute to pattern analysis by 
showing directions of compositional change in smaU samples 
in response to microhabitat gradients. The gradients in ques-
tion can involve microtopography, small-scale soil dif-
ferences, shade and other effects of woody plants and local 
biological effects such as plant allelopathy and animal distur-
bance (Whittaker et al. 1982). These authors state that or-
dination, when successful can: (i) reveal directions of com-
positional response that may not be evident in the field, 
(ii) suggest relative significance of these directions and 
(iii) scale both samples and species in ways that clarify 
responses to micro-environmental factors. Although various 
S. Afr. J. Bo1., 1983, 2(1) 
other ordination techniques were also used by Wittaker et 
at. (I 982), the technique found most appropriate by them, 
DECORANA, was used in the ordinations presented below. 
Details of matrix transformations and cut-off levels for rare 
species are given by Whittaker et a/. (1982). 
3.6 Aboveground plant standing crop 
Standing crop and production data are reponed in detail 
by Cresswell et a!. ( 1982) and elsewhere. In this paper we 
use selected data for interpretive and comparative purposes 
and do not attempt to do justice to the wealth of available 
data. Thus, only references to methods are given here and 
not details of the methods used. 
Rutherford (1979) has derived allometric equations for 
the estimation of total and compartmental aboveground 
biomass values for the common trees and shrubs of the study 
site which were applied to woody-plant data collected from 
the five study areas (A- E) (Rutherford 1979). The same 
equations were applied by us to similar data collected from 
the exclosure plot. 
Various harvest techniques have been applied by Grunow 
eta/. (1980) and Grossman (1981) for the determination of 
herbaceous layer standing crop. The objectives of the latter 
study were to compare the amounts and quality of dry mat-
ter produced in open and canopied subhabitats with species 
divided into forage and non-forage categories. 
4. Results 
4.1 Species diversity and general characteristics 
Frequencies of occurrence of quadrats with given numbers 
of species in each transect are given in Table I. In transect 
I the number of species per quadrat ranged from 5 to 26. 
This transect also had the highest mean number of species 
per quadrat. The smallest average number of species per 
quadrat was recorded in transect 3, the transect in Acacia 
savanna. 
Representative results from the 0, l ha land-plant diver-
sity samples are given in Table 2 and Figure l. For both 
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Figure I Land plant diversity samples: (a) from Burkea africana savanna 
and (b) Acacia savanna. Dots represent actual numbers of species at sam-
ple areas indicated (log scale) and lines are fitted linear regress ions. 
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individual growth-forms as well as for the complete flora. 
approximately half the number of species per 0, l ha occur 
in Acacia savanna in comparison with Burkea africana 
savanna. Plots of number of species against log area for two 
land-plant diversity samples are given in Figure l. The mark-
ed differences between the two savannas is again apparent 
from this measure of species diversity. 
Of the 281 species recorded in six transects by Whittaker 
et at. (1982), the broadJeaf deciduous tree life-form con-
stitutes 8,50Jo and pinnate leguminous trees 2,1 %. Shrubs, 
suffrutescent shrubs and vines account for l9,30Jo of the 
species and the remainder (70, I%) are herbs. Twenty-five 
Table 1 Frequencies of occurrence of quadrats 
(1 m2) with given numbers of spec ies in each transect 
Number of 
species 
per quadrat 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
Mean number 
of species 
per quadrat 
2 
2 
I I 
7 9 
14 12 
25 16 
37 27 
65 33 
92 39 
Ill 55 
115 41 
11 9 30 
11 5 19 
88 18 
93 8 
68 9 
33 2 
21 2 
8 
6 
4 
14,9 13,0 
Transect number 
3 
17 
36 
47 
57 
5 1 
36 
29 
17 
7 
2 
4 
I 
0 
2 
4 
7 
16 
21 
32 
29 
27 
23 
16 
9 
8 
4 
5 6 
2 
2 3 
II 14 
7 15 
23 24 
26 28 
33 31 
31 34 
24 27 
19 8 
20 8 
14 4 
5 
9 
7,5 10,2 13,0 11,8 
Table 2 Numbers of species per 0,1-ha samples in 
Burkea africana (B) and Acacia (A) savannas 
a• Az 
Total 76 47 
Trees 8 4 
Shrubs 18 16 
Perennial herbs 31 13 
Annual herbs 19 14 
'mean of 3 samples 2mean of 2 samples 
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pcrcem of the species belong to the phanerophyte growth-
form. Chaemephytes account for 6,0%, hemicryptophytes 
for 35,60/o, geophytes for 6,4% and therophytes for 26,8% 
of the species. Annual forbs arc the largest growth-form 
group in most transects, followed by perennial Forbs and 
perennial graminoids. The high proportion of hemicryp-
tophyte and therophyte species expresses the concentration 
of the flora in the lower strata in a semiarid climate (Whit-
taker et at. 1982). 
4.2 Woody plant structure 
The percentage frequency, density and biomass results from 
areas A - E arc given in Table 3, the species being ranked 
by decreasing importance values. The densities of the species 
which have been divided into height classes decrease with 
increasing height, except in the case of Ochna pulchra where 
the number of plants in the second height class is greatest 
in three of the five areas. The frequency and density of trees 
in the tallest height class of all species are very low. Of the 
species that were not subdivided into height classes, Grewia 
flavescens and Vitex rehmannii have the highest densities 
and frequencies. Combrelum zeyheri contributes significant-
ly to the biomass in areas A and C although its frequency 
and density is generally not very high. Although Dombeya 
rotundijolia is a differential species of the savanna under 
study it is absent from area C and is of low density in areas 
D and E. 
The greatest density of trees and shrubs is in areas A, C 
and E and the lowest is in area B, which has nearly half 
the number of trees per hectare of the most dense area (A). 
The greatest diversity is in area B (29 species) and the lowest 
diversity in area C (16). Area Aha~ the highest biomass and 
area C the lowest in spite of having a high overall density, 
this being made up largely of Ochna pulchra plants in the 
smallest height class. 
In area A, 12 species contribute to the 'other species' 
category. Of these, Lannea discolor (frequency 10,3 and 
density 66,2), Euclea natalensis (5,5 and 25,6), Acacia caj-
fra (2,0 and I 0,0), Dichrostachys cinerea (3 and 6,9), Ozoroa 
paniculosa (1,4 and 5,6) and Ximenia cajjra (1,3 and 5,0) 
have the highest densities. In area B, a total of 18 species 
contribute to the 3,2% of total density attributed to other 
species. These include Euclea natalensis (I 0, 7 and 65,0), 
Lannea discolor (3,1 and 19,4), Dichrostachys cinerea (2,0 
and 17,8), Ozoroa paniculosa (1,4 and 8,4) and Ximenia 
cajfra (I ,6 and 6,6). In area C the three species, Euclea 
natalensis(2,8 and 16,9), Lanneadiscolor(3,1 and 16,2) and 
Ozoroa paniculosa (3,0 and 13,8) contribute most to the den-
sity of the other six species. Lannea discolor (I ,8 and 7 ,3) 
and Dichrostachys cinerea (I ,0 and 5,2) are the only species 
of a total of eight, contributing more than five plants ha- 1 
to the other plants category in area D. There are nine other 
species recorded in area E. Of these, Maytenus hererophylla 
(0,5 and 83,3), Lannea discolor (8,3 and 60,4), Euclea 
nafalensis (4,7 and 20,8), Ozoroa paniculosa (2,6 and 14,6), 
Dichrostachys cinerea (I ,8 and 14,6) and Ximenia cajfra (I ,6 
and 9,4) contribute more than five plants ha - •. 
Importance values for each category are given in Table 
4, ranked in the same order as that of Table 3. For Ochna 
pulchra, highest importance values are recorded from area 
S.-Afr. Tydsl.r. Ptamk., 1983. 2(1) 
A and lowest from area B. The importance value for Burkea 
africana is highest in area D and lowest in area B. The 
highest importance value of Strychnos pungens is in area 
Band lowest in area D. A relatively high importance value 
is obtained by Terminalia sericea in area D and a low value 
is found in area C. 
Of the remaining species, Combretum molle has a 
relatively high imponance value in area A, Grewiaflavescens 
in area B, Combretum zeyheri and Vitex rehmannii in area 
C, and Strychnos cocculoides in area D. The low impor-
tance values of Dombeya rotundijolia in areas C, D and 
E again point to the anomaly of this species being used as 
a differential species of this savanna variation. Oclma 
pulchra and Burkea africa no are generally the most impor-
tant species in this savanna. Of the other species one or two 
become markedly more important than the others in specific 
areas: for example Combretum zeyheri in area C and 
Strychnos cocculoides in area D. 
From the results represented above a number of general 
observations are apparent. With respect to the dominant 
species of the savanna it was found that there are frequent-
ly many more individuals in the lower height classes, for 
example, Ochna pulchra < 3,5 m and Burkea africana < 
4 m. These shrubs or small trees (3 - 4m) of the four domi-
nant species contribute almost 90% to the total number of 
woody plants in the savanna. The few large trees that do 
occur often contribute significantly to the total biomass, for 
example, Combretum zeyheri and Strychnos cocculoides 
which have a mean biomass per tree of 36,6 and 74,7 kg 
respectiively. Because there are many small individuals of 
Oclma pulchra, Grewia flavescens and Strychnos pungens, 
their mean contribution of individual trees to the total 
biomass is only 0,5; I ,3 and I ,4 kg, respectively. The other 
important species, Burkea ajricana and Terminalia sericea, 
have both small and large individuals and their mean 
biomass per tree of 21,2 and 15,6 kg respectively, are 
intermediate. 
Although this savanna is all classified as one phyto-
sociological community, marked differences in structure and 
species diversity have been observed between the five study 
areas. B is the most species-rich area, is a more open com-
munity and has the lowest density of species. On the other 
hand, area C has the lowest diversity of species, a very high 
population of the smaller height classes of Ochna pulchra 
and consequently the lowest total biomass. Because of the 
observed differences in species diversity, percentage frequen-
cy, density, biomass and importance values of the species 
in the five separate study areas it may be advisable to regard 
these areas as discrete types in more detailed studies of 
primary production and ecosystem function. 
4.3 Herbaceous layer cover and relative occurrence 
The two most important species in the herbaceous layer are 
the grasses Eragrostis pal/ens and Digitaria eriantha with 
basal covers of 1,59% and 1,460Jo in 1975, that decreased 
in 1980 to 0,98% and 0,01 OJo respectively (Table 5). The total 
basal cover for the study area was 5,47% in 1975, after 
which it increased to 5,96% in 1977 and decreased 
significantly to 4,27% in 1980 (Table 5). The largest decrease 
in basal cover was measured in study area A, which could 
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Table 3 Percentage frequency, density and biomass for the major species from five study areas and the 
total sample 
Ochna pulchm ( < I m) 
0. pulchra (I- 3,5m) 
0. pu/chra (>3.5m) 
Burkea africa no ( < 4m) 
B. ajricana (4 - 7m) 
B. africa no ( > 7m) 
Srrychnos pungens ( < I m) 
S. pungens (I -3m) 
S. pungens (>3m) 
Terminalia sericea <3m) 
T. sericea (3 - 5,5m) 
T. sericea (>5,5m) 
Grewia flavescens 
Combre111m zeyheri 
C. molle 
Dombeya rotundijolia 
Srrychnos cocculoides 
Vi1ex rehmannii 
Seturidaca longepeduncu/ata 
Other species 
Totals 
Other species as OJo of total 
Number of species 
Ochna pulchra ( < 1m) 
0. pu/chra ( I - 3.5m) 
0 . pulchra ( > 3,5m) 
Burkea ajricana ( <4m) 
B. ufricana (4 - 7m) 
B. ajricana (>1m) 
S1ryd1110S pungens (<I m) 
S. pungens ( I - 3m) 
S. pungens (>3m) 
Terminttlia sericea <3m) 
T. sericea (3- 5,5m) 
T. sericeu (> 5,5m) 
Grewia jlavescens 
Combretwn ;;eylteri 
C. molle 
Dombeya rotundijolia 
Strychnos coccu/oides 
Vi1ex rehmannii 
Securidaca /ongepedunculata 
Other species 
Totals 
Other specie; as o/o of total 
Number of species 
Area A Area B Area C 
Percentage Density Biomass Percentage Density Biomass Percentage Density Biomass 
frequency (plams ha - 1) kg ha 1 frequency (plants ha- 1) kg ha - 1 frequency (plants ha- 1) kg ha - 1 
81,4 
75,3 
2,8 
~9.4 
8,8 
2,8 
12,5 
6.3 
0,5 
8.1 
4,2 
1,6 
16,3 
7,7 
14, 1 
6,7 
1,1 
8.0 
4,8 
3168.1 
3256,3 
11,2 
~93.8 
36,9 
11,2 
69,4 
26,9 
2,5 
50,6 
34,4 
6.9 
116,9 
57,5 
76.9 
32,5 
5.0 
105,0 
21,9 
167,4 
7697,3 
2,2 
23 
Area D 
3753 
9957 
126 
1932 
275 
2066 
260 
521 
200 
265 
235 
430 
20022 
2,1 
56.9 
60,9 
3,1 
36,7 
6,8 
0,6 
32,0 
18,4 
1,2 
7.3 
6.1 
0,3 
33,7 
0,6 
4,9 
4,3 
1.5 
5,6 
3,8 
927,8 
1767.8 
22.5 
244,1 
27,8 
2,5 
334,1 
99,7 
4,7 
46 ,3 
33.1 
1,9 
255,6 
2,2 
24,4 
19,1 
6.9 
59,1 
17,2 
128,5 
4025,3 
3.2 
29 
Area E 
2625 
7185 
902 
1744 
393 
791 
1380 
656 
274 
186 
198 
16335 
1,2 
88.0 
37.7 
0.8 
38,1 
13,8 
0,2 
10.9 
1.~ 
0,2 
11.7 
2,8 
0.5 
28,1 
J,O 
6,9 
1.7 
14.4 
0.9 
5185,6 
4~9.4 
3.8 
245,0 
56,9 
0,6 
80,0 
5,6 
0,6 
81,3 
16,2 
1.9 
162.5 
18.8 
38,7 
6,9 
167,5 
5.0 
51,8 
6628. 1 
0,8 
10 
11 78 
7531 
36 
83-1 
323 
1076 
~ 
431 
752 
~80 
15 
12647 
0,1 
All areas combined 
Percentage Density Biomass Percemage Density Biomass Percemage Density Biomass 
frequency (plants ha - 1) kg ha - 1 frequency (plants ha - I) kg ha - 1 frequency (plants ha - I) kg ha - 1 
9 1,7 
50,0 
0,8 
63,8 
9,4 
1,0 
6,5 
1,0 
16,9 
3,9 
0,8 
16,7 
4,4 
3,1 
0.3 
0,8 
10.4 
1,6 
3700,1 
1151 ,0 
3,1 
789,6 
39,6 
4,2 
28,1 
6.3 
210,4 
22,9 
3,1 
114,8 
28,1 
15.6 
1,0 
3,1 
122,9 
6,3 
22,0 
6302, 1 
0,4 
19 
586 
8989 
40 
2151 
121 
872 
1925 
13 
90 
14800 
0,6 
77,3 
85,4 
1,3 
47,9 
10,9 
0,8 
15,4 
10,7 
0.3 
11,2 
9,6 
0,3 
31.8 
0,5 
11,7 
0,3 
1.6 
14,3 
1.3 
1694,8 
3626,0 
14,6 
355,2 
45,8 
3,1 
82,3 
59,4 
1,0 
77,1 
57,3 
1,0 
230,2 
2, 1 
66,7 
1,0 
6,3 
137,5 
5,2 
210,5 
6677,1 
3,2 
20 
2533 
9761 
459 
1999 
162 
315 
708 
96 
857 
121 
545 
17555 
3,1 
74,0 
60,0 
2.1 
43,8 
9,3 
1,0 
19,3 
9,9 
0.6 
9,9 
5,3 
0,6 
27,1 
2,8 
7,6 
3,0 
1.4 
9,3 
2,9 
2585,8 
1953,4 
15.8 
368,0 
38,6 
4.1 
169.9 
52.2 
2.5 
76,3 
31,7 
2,9 
195,3 
18,9 
41,1 
13,8 
6,0 
105,3 
13,1 
107,8 
5802.5 
1.9 
32 
2136 
8687 
312 
1734 
256 
691 
353 
380 
448 
815 
207 
255 
16273 
1.6 
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Table 4 Importance values of the major species from the five areas and the total sample 
Och11a pulchra ( < I m) 
0. pulchra (I - 3.5m) 
0. pulchra ( > 3,5m) 
Burkea africa I/ a ( < 4m) 
B. africal/a (4 - 7m) 
B. africal/a ( > 7m) 
Stryclmos ptmge11s ( < I m) 
S. punge11s (I - 3m) 
S. pu11ge11s (>3m) 
Termi11alio sericeo (<3m) 
T. sericeo (3- 5,5m) 
T. sericea (>5,5m) 
Grewio flovescells 
Combretum zeyheri 
C. molle 
Dombeyo rowlldi/olio 
Strychnos cocculoides 
Virex rehmo1111ii 
Securidaco longepedunculoro 
Other species 
Area A 
60,1 
59,5 127.~ 
7,8 
19,7 
30,7 72,8 
22,4 
4,3 
2,1 
0,4 
2,9 
6,8 
4,2 12,7 
5.6 
5,9 
16,6 
10,8 
11,2 
4,7 
3,5 
2.0 
25.6 
Area B 
34,1 
51,1 98,6 
13.4 
15,3 
40.2 70,9 
15,4 
15,6 
7,3 30,9 
8,0 
3,0 
4,6 9,4 
1,8 
14,6 
0,2 
7,2 
9,7 
5,5 
4.3 
1,7 
47,0 
Table 5 The percentage basal cover (I) and percen-
tage presence (II) of plant species that contributed 
to basal cover in the herbaceous layer. Derived from 
10 000 points (wheel-point survey) in areas A - E 
Species 
Eragrostis pollens 
Digitoria erio11tho 
Diheteropogo11 amplectens 
Rlty11chelytrwn vil/osum 
A11dropogo11 schirensis 
Perotis potei/S 
Aristida argenreo 
Setaria pere11ms 
Elionurus muticus 
Panicum maximum 
Ure/ytrum squarrosum 
Fimbristylis hispidula 
Cymbopogon morginatus 
Themedo triandra 
Trachypogo11 spica/us 
Arisrida congesto 
1975 
II 
1,59 21,62 
1,46 28,04 
0,40 5,13 
0,24 3,08 
0,23 3,33 
0,20 4,22 
0,19 4,34 
0,18 1,08 
0.16 1,28 
0,11 1,91 
0.10 1,34 
0,10 1,87 
0,07 0,79 
O,o? 0,81 
0,06 1,53 
0,06 2,28 
1977 
1,63 
1,64 
0,59 
0,07 
0,24 
0,16 
0,10 
0,16 
0,12 
0,10 
0,12 
0,09 
0,05 
0,04 
0,11 
0,05 
1980 
II 
0,98 16,26 
1,01 19,28 
0,27 4,39 
0,02 0,44 
0,18 2,91 
0,14 5,30 
0,12 2,82 
0,10 0,64 
0,03 0,48 
0,06 1,33 
O,o? 0,61 
0,06 0 ,}4 
0,05 0,62 
0,15 1,36 
0,05 
ScMzachyrium sanguineum 0,06 0,97 0,09 0,03 0,39 
1,10 
0,03 
Hereropogo11 comorrus 0,04 
Schizachyrium jeffreysii 0,03 
Selaginello dregei 0,03 
Brachiario serrata 0,02 
ArisJida aeguiglumis 0,01 
Pogonarthria squarrosa 0,01 
Rhynchelytrum setifolium 0,01 
Commeli11a africalla 
Cassia mimosoides 
0,01 
0,01 
0,66 0,01 0,09 
0,40 0,08 0,02 
0,04 
0,47 0,02 0,01 0,02 
0,37 0,02 
0,32 0,02 O,QJ 
0,34 O,QJ 
0,66 0,01 
1, 19 0,02 0,43 
Area C Area D Area E All areas combined 
98.1 
19,2 119,2 
1.9 
16,0 
54,5 72,2 
1,7 
4,7 
0,5 
1,0 
5,0 
1,7 
2,0 
11,5 
39,8 
2,8 
4,7 
7,9 
1,4 
25,6 
6,2 
8,7 
82,1 
32.5 118.9 
4,3 
31.8 
51,3 110,5 
27.4 
2,5 
0,4 2.9 
8,5 
1,6 19,6 
9,5 
7.5 
1,8 
1,2 
0.1 
12,5 
5,1 
0.6 
19.3 
Table 5 (continued) 
41,4 
68.0 115,0 
5,6 
16.8 
67.1 101.3 
17,4 
5,0 
3,5 11,6 
3,1 
3,9 
4,3 11.4 
3,2 
11,1 
0,2 
7,7 
0,1 
2.0 
5,4 
1,9 
32,3 
Justicia minima 0,01 1,66 0,16 
Xerophyta retinervis 0,01 
Cleome moculara 
Schmidtia pappophoroides 
Triwnfeua so11deri 
Brachiorio 11igropedoro 
Aristida stipitota 
Louderio simplex 
Cyperus margoritaceus 
Strychnos pu11ge11S 
Oclma pulcltra 
Phyllamhus pemo11drus 
Pari11ori capensis 
Elephomorrhiw elephomi11a 
CyperttS sphoerospermus 
Tephrosio longipes 
Limeum viscosum 
£volvulus alsmoides 
Rhynchelyrrum repe11s 
Lophiocarpus te11uissimus 
Eustachys pospaloides 
Phyllanrhus parvulus 
Waltheria indica 
Pollichia campestris 
Chlorophytum sp. 
Triraphis alldropogo,oides 
Dichapetalum cymosum 
Cyperus rupestris 
Portulaca sp. 
Total 5,47 
0,05 O,o2 
0,01 
0,01 
0,01 
O,o2 
0,01 
0,02 
0,06 
0,01 
0,03 
0,01 
0,03 
0,01 
0,01 
0,01 
5,96 
59,8 
46,6 114,9 
8,5 
18,4 
43,8 76,9 
14.7 
8,2 
3,7 15,8 
3,9 
4,0 
3,7 11,0 
3,3 
10,9 
12,6 
6,7 
6,4 
5,3 
5,1 
1,9 
32,5 
0,23 
0,04 
0,01 
0,02 
0.01 
0,09 
0,04 
0,01 
0,12 
0,03 
0,01 
0,06 
0,01 
0,01 
0,03 
0,01 
0,01 
0,02 
0,01 
0,01 
0,01 
4,27 
2,97 
4,38 
om 
0,20 
0.04 
0,81 
1,79 
0,07 
5,39 
0,76 
0,02 
5,43 
0,10 
0,30 
0,71 
om 
0,01 
O,o? 
0,30 
0,05 
0,07 
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Table 6 The percentage basal cover of herbaceous species and a comparison of grasses and non-grasses 
in the study areas in the Nylsvley Nature Reserve 
Study areas 
Year A B c D E Total 
Basal cover 1975 6,65 5,80 5,10 4,70 5,20 5,47 
1977 6,05 6,60 5,95 6,20 5,00 5,96 
1980 3,15 4,35 5,35 5,05 3,50 4,27 
Percentage 1975 100/ 0 86/ 14 79121 87/ 13 94/ 6 79121 
grasses versus 1977 75/ 25 76124 60/ 40 74/26 78/ 22 64136 
non-grasses 1980 58/ 42 54/ 46 66/ 34 65135 63/ 37 57/ 43 
Basal cover 1975 6,65/ 0.00 5,65/ 0,15 4,95/ 0, 15 4,45/ 0,25 4,90/ 0,30 5,30/ 0.17 
grasses versus 1977 5,5010,55 6,10/ 0,50 5,45/ 0,50 5,6510,55 4,6510.35 5.58/ 0,38 
non-grasses 1980 2,15/ 1.00 3,45/ 0,90 4.65/ 0,70 -1,10/ 0,95 3,10/ 0,40 3,48/ 0,79 
be anributed to lhe decrease in basal cover of Eragrostis 
pal/ens and Digitaria eriantha. No significant decrease or 
increase in basal cover occurred in study areas C and D 
(Table 6). 
In 1975 Eragrostis pal/ens had a higher basal cover than 
Digitaria eriantha although the latter species had a higher 
relative presence in the study area (Table 5). However, in 
1977 and 1980 D. eriantha had the highest basal cover in 
the study area. This can be indicative of a stabilization of 
the succession process as D. eriantha is considered to have 
a higher ecological status in the succession than£. pal/ens 
(Theron et a/. 1982). Contrary to this, the basal cover of 
Setaria perennis, considered to be a climax grass of this area, 
declined from 1975 to 1980. 
Other species which decreased in basal cover from I 975 
to 1980 are Themeda triandra (area A), Setaria perennis 
(area B), Rhynchelytrum villosum (areas A, B and E) and 
Elionurus muticus (area A) (Table 5). The basal cover of 
Justicia minima, Trachypogon spica/us, Limeum viscosum, 
Lophiocarpus tenuissimus and Ochna pulchra increased 
from 1975 to 1980. Since 1975 there has been an increase 
in the number of non-grasses encountered in the wheel point 
survey, also reflected in the increase in basal cover of these 
plants in comparison to that of the grasses (Table 6) (Van 
Rooyen & Theron 1982). Most of the non-grasses as well 
as some of the grasses are indicative of 'disturbed' condi-
tions or lower sera! stages in the succession. However, the 
contribution of these species individually to the total basal 
cover of the study area was insignificant (Table 6). 
Most of the species are not uniformly distributed 
throughout the study area but are better represented in cer-
tain of the areas. Elionurus muticus and Limeum viscosum 
are more frequent in area A, with Panicum maximum more 
common in area B. Diheteropogon amp/ectens and An-
dropogon schirensis occurred more often in areas C, D and 
E with Cymbopogon marginatus and Perot is patens in areas 
D and E, respectively. 
Although the study area is considered to be ecologically 
homogeneous (Theron eta!. 1982) there is a marked varia-
tion in species composition and distribution within the study 
area and in time. The heterogeneity and species composi-
tion can possibly be related to local microclimate and 
edaphic differences (Whittaker eta/. 1982). The difference 
in species composition and basal cover can either be related 
to fire or the relatively dry 1978/79 season (Van Rooyen 
& Theron 1982). 
Although there is no marked difference in the species 
composition under trees and in the open the basal cover of 
the herbaceous layer is higher in the open than under trees 
(Table 7). The presence of Panicum maximum and Setaria 
perennis under trees is possibly indicative of a more 
Table 7 The percentage basa l cover and frequen· 
cy of herbaceous spec ies in the open habitat and 
under trees in the f irst production camp ... Nylsvley 
Nature Reserve. (100 bridges and 2000 points per 
subhabitat type) 
Open habitat Under 1rces 
Basal Basal 
Species cover Frequency cover Frequency 
Digiraria eriantha 2,46 50,45 1,05 32,30 
Eragrostis pal/ens 1,34 27,52 0,95 29,23 
Schizachyrium 
sanguinewn 0,22 4,58 0,05 1,53 
Arisrida congesta o. 17 3,66 0,10 3,07 
Perot is patens 0,13 2,75 
Aristida argentea 0,08 1,83 0,10 3,07 
Diheteropogon amplectens 0,08 1,83 0,05 1,53 
Brachiaria serrata 0,08 1,83 0,15 4,61 
Heteropogon contortus 0,04 0,91 0,05 1,53 
Fimbrisrylis hispidu/a 0,04 0,91 
Aristida stipitata 0,04 0,91 0,05 1,53 
£/ionurus muticus 0,04 0,91 0,15 4,6 1 
Rhynchelytrum villosum 0,04 0,91 0,15 4,61 
Themeda triandra 0,04 0,91 
Rhynchelytrum setifolium 0,15 4,61 
Panicwn maximum 0,10 3,07 
Setaria perennis 0,10 3,07 
Cyperus margariraceus 0,50 I ,53 
Total 4,88 100 3,25 100 
34 
favourable moisture and nutrient status under trees in com-
parison with the open subhabital. Setaria perennis is, 
however, considered to be a climax grass species for the 
study area (Theron et a/. 1982). 
4.4 Ordination and pattern 
(a) Ordination of herbaceous layer 
Arter plotting the position of the plant species in the dif-
ferent intensive study areas along the first and second axes 
of a DECORANA ordination it was evident that: 
(i) The first or horizontal axis is a function of condition 
representing an open habitat with full sunlight and 
somewhat drier conditions to the left and a denser tree 
or shrub habitat with more shade and wetter, more 
favourable conditions to the right (Figure 2 and Table 
8). The nutrient status (Bate 1979) and available water 
content (Bosch & VanWyk 1970) are higher under trees 
than in the open. 
(ii) The ecological gradient along the vertical or second axis 
is that of less disturbance, with more perennials, at the 
lower end, to more disturbance, with more annuals, at 
the upper end (Figure 2). At the scale of this study peren-
nials and little disturbance indicate mesic conditions and 
annuals and more disturbance indicate xeric conditions. 
The species which reflect conditions of less disturbance 
or a higher water and nutrient status at Nylsvley occur 
towards the lower parts of Figure 2 with the species reflec-
ting disturbed conditions and less favourable water and 
nutrient status in the upper part. The interpretation of sera! 
stages is based on a thorough study of a similar Burkea 
africana savanna within the Loskop Dam Nature Reserve 
(Theron 1973). The species which indicate disturbed condi-
tions arc more often found within the pioneer or more xeric 
savanna types than within the mesic climax savannas. Those 
species with a wider distribution within the study area a lso 
have a wider ecological amplitude and occur towards the 
centre of Figure 2. 
The more mesophytic and probably climax species of the 
Eragrostis pallens-Burkea ajricana tree savanna are Setaria 
perennis and Panicum maximum (Theron eta/. 1982). There 
is an increase of S. perennis in protected plots supporting 
the theory that S. perennis is one of the climax grass species 
(J .0. Grunow pers. comm.). Panicum maximum has a high 
need for nitrogen which is more abundant under trees (Bate 
1979) although the species can be abundant in disturbed 
areas of the Lowveld (J .0. Grunow pers. comm.). 
Astridia argentea and A. stipitata, which are common in 
the study area and probably indicative of pioneer or disturb-
ed conditions, have a preponderant position in the upper 
section in the middle or lO the left of the scatLer diagrams 
(Theron eta/. 1982). Therefore, these species are not only 
indicative of disturbed and more xeric areas but also of open 
habitats in full sunlight. They are sometimes closely 
associated with Eragrostis pal/ens and Digit aria eriatha and 
therefore do not always represent the most xeric conditions 
within the study area. C/eome spp., Phyllanthus spp., 
Aristida spp., Rhynchelytrum repens, R. villosum, Pogonar-
lhria squarrosa, Wallheria indica and a few other annual 
species are, in general, more often associated with disturb-
ed conditions within the Burkea africana savanna (Theron 
S.-Afr. Tyd~l.r. Plant!..., 1983, 2(1) 
Table 8 List of species referred to in the text and 
figures. Abbreviations are those used in Figures 2 
and 4 
Abbreviation 
Aca caff 
Ach sicu 
Alo tran 
Ant nngu 
Ant g<~lp 
Am rigi 
Ari acgu 
Ari argc 
Ari cong 
Ari Slip 
A~p afri 
Asp suav 
Bar brem 
Bar camp 
Bid bipi 
Blc made 
Bra n1gr 
Bra ;err 
Bul ~p 
Bur afri 
Cas mimo 
Cha COSI 
Cha lede 
Cle hetc 
Cle macu 
Cle mono 
Com moll 
Com zeyh 
Com afrl 
Com erec 
Con ;agi 
Cra angu 
Cra hirs 
Cra cap1 
Cue sp. 
Cya spec 
Cym marg 
Cyp amnb 
Cyp angu 
Cyp denu 
Cyp marg 
Species 
Acacia caffra (Thunb.) Willd. 
Acacia karroo Ha)·ne 
Acacia nilotica (L.) Willd. e~ Del. 
Acacia spp. 
Acacia tortilis (Forsl. .) Hayne 
Achyromhes sicula (L.) All. 
Aloe trans••aalensis Kunll.C 
Andropogon schirensi~ Hochst. ex A. Rich. 
Amhericum angulicaule Oak. 
Anthericum golpinii Bak. 
Anthospermum rigidum Ecl.l. & Zeyh. 
Arisrida aeguiglumis Hack. 
A. mollissima Pilg. subsp. argcntea (Schweick.) 
Melderis 
Aristida congesta Rocm. & Schuh. 
Aristida spp. 
Aristida stipitato Had. 
Asparagus ajriconus Lam. 
Asparagus sawulersiae Bak. 
Asparagus suaveolens 13urch. 
Borleria bremekampii Obcrm. 
Borreria sp. 
Bidens bipinnata L. 
8/epharis maderaspoten:.tS (L) Heyne e~ Roth 
Brachiaria nigropedota ('.lunro C\ Fical. & Hiern) 
Stapf 
Brachiario serrato (1 hunb.) Stapf 
Bulbostylis sp. 
Burkea ajricona Hook 
Cassia mimosoide L. 
Chaetacanthus costatus Nee~ 
Chascamtm hederaceum (Sond.) Moldenke 
Chlorophytum sp. 
Cleome hirto (KiotlSch) Oliv. 
Cleome maculata (Sond.) Sl.yVyl 
Cleome monophyllo L. 
Cleo me rnbella Burch. 
Cteome spp. 
Combretum molle R.Br.ex. G. Don 
Combretum zeyhen Sond. 
Commelina ajricttna L. 
Commelina erecra L. 
Convolvulus sagiltatus Thunb. 
Corchorus kirkii N.E.Br. 
Crabbeo angustijolia Nee~ 
Crabbea hirsuto Harv. 
Crossula capitella Thunb. 
Crotolaria pisicarpa Wei". c~ Bak. 
Cucumis sp. 
Cyanotis speciosa (L.f.) Hassk. 
Cymbopogon marginatus (Steud.) Stapf ex Burtt 
Davy 
Cypems amabilis Vahl 
Cyphocarpa angustijolia Lopf. 
Cyperus denudaws L.f. 
Cyperus margaritaceus Vahl. 
Cyperus rnpestris Kunth 
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Table 8 (continued) 
Abbreviation Species 
Cyp ~pha 
Die anom 
Die cyme 
Dig eria 
Dih ampl 
Dom rotu 
Ele elep 
Ele gucr 
Eli muti 
Era pall 
Era ngi 
Eup tric 
Eu\ pasp 
Evo al\i 
Fad mont 
Fim hi;p 
Gis phar 
Gla sp 
Grc na, 
Hel Krau 
Her pan 
Het COni 
Hib pusi 
l lyp diss 
Hyp roop 
lnd dale 
lnd \ord 
lpo bolu 
Jat lcyh 
Jus anag 
Jus na, 
Ju~ mini 
Jus pall 
Koh virg 
Kyl alba 
Lan disc 
Lan edul 
Led sp 
Lim sulc 
Lim vise 
Lop tcnu 
Mar laxi 
Mer trid 
Mcs sp 
Och pule 
Old herb 
Cyperus denudatus L. f. var. sphacrospcrmum 
Schrad. 
Dicoma anomolo Sond. 
Dichopetalum cymosum (Hook) Engl. 
Dichrostochys cmereo (L. \\'ight + Am.) subsp. 
africana Brcnan + Brummiu 
Digitario enomlw Stcud. subsp. eriantha 
Diheteropogon omplectens (Nces) Clayton 
Diplorhynclws condylocorpon (Mucll. Arg.) Pichon 
Dombeyo rotundijolitl (Hochst.) Planch. var. 
rotundifolia 
Elephomorrhiza eleplumtina (Burch.) Skeels 
E. goetzei (Harm~) llarms 
Elionurus muticus (Spreng.) Kunth 
Eragrostis lehmonniono Necs 
Erogrostis pollens Hack. 
Erogrostis ri)1idior Pilg. 
Euclea natolensis A.DC. 
Euphorbia neopolychemoides Pa' & K. Hoffm. 
Euphorbia trichadenio Pa\ 
Eustachys pospaloides (Vahl) Lanza & Matte 
£volvulus o/sinoides (L.) L. 
Fodogia 1110nticola Robyn~ 
Fimbristylis hisp1dula (Vahl) Kunth 
Cisek ia plwrnoceol(/es L. 
Gladiolus sp. 
Grewia fla•·esce/IS Juss. 
He/ichrysum krou.'>Sii Sch. Bip. 
Hermannia par~•u/a Burtt Da1 y 
Heteropogon comortus (L.) Beau'. ex Roem. & 
Schuh. 
Hibiscus pusillus Thunb. 
Hyparrhenia ltirta (l..) Stapf 
Hyperthe/ia dissoluta (Ness ex Steud.) Clayton 
Hypoxis rooperi S. Moore 
Indigo/era comosa N.E.Br. 
l11digofero doleal(les Benth. e\ Harv. 
llldigofera sordida Bent h. 
Ipomoea bolus/alia Schin1 
Jatropha ~eylteri Sond. 
Justicia anagaloides T. Anders. 
Justicia fla••a (Vahl) Vahl 
Justicio minima A. Mceuse 
Justicia sp. 
Kohautia virgata (Willd.) Brem. 
Kyllinga alba Nee~ 
Lonnea discolor (Send.) Engl. 
Lannea edu/is (Sond.) Engl. 
Ledobouria sp. 
Leucas lleufli~eana Courb. 
Limeum sulcatum (l...lotzsch) Hutch. 
Limeum viscoswu (Gay) Fenzl 
Lophiocarpus temllssmws Hook. r. 
Mariscus laxijloms Turrill 
Maytenus heterophylla (Eckl. & Zcyh.) 
N.K.B. Robsan 
Merremia tridentata Hallier f. 
Mesembryanthemum sp. 
Och11o pu/chra Hook. 
Oldellland1a herbacea (l.) Roxb. 
Table 8 (continued) 
Abbreviation Species 
Old sp 
Pan maxi 
Par cape 
Pen insi 
Per pate 
Ph} bun: 
Ph} incu 
Ph} par~ 
Pog ~qua 
Pol carnp 
P)•g Le}'h 
Rap bur),. 
Rh} repe 
Rhy seti 
Sch jeff 
Sch papp 
Sch pinn 
Sen inae 
Set perc 
Sid cord 
Sol inca 
Sol pand 
Str cocc 
Str pung 
Tag minu 
Tal arne 
Tal caff 
Tcp forb 
Tep lang 
Tcr seri 
The maga 
The tria 
Tra rupc 
Tra salt 
Tri rehm 
Tri 'Ond 
Uni I 
Um 3 
Ure squa 
Ver olig 
Vig sp 
Wal indi 
Xer reti 
Xim caff 
Oldenlandia sp. 
O:oroa paniculosa (Sond.) R. & A. Fernandes 
Panicum maximum Jacq. 
Parinari capens1s Han. 
Pemharrhinum insip1dum E. ;\Icy. 
Perolis pale/Is Gand. 
Phyllantlws burchellli :'lluell. Arg. 
Phyllanthus mcunus Thunb. 
Phyllamlws parl'ltlus Sond. 
Phyl/antlws pentandrus Schumach. & Thonn. 
Phyllanthus ~pp. 
Pogonarthria squarrosa (Licht.) Pi lg. 
Pollichia campestris Ail. 
Porwlaca sp. 
Pygmaeothomnus ~eylum (Sond.) Robrns 
Raphanus burkeona 
Rhynclrelytrum repens (\\'illd.) C. E. Hubb. 
Rhy11clrelytrum retijolwm (Stapf.) Chio1. 
Rhynclrelytrum ••illosum (Pari. ex Hook.) Chio'. 
Rhy11chosia touo (Thunb.) DC. 
Schi::ochyrwm ;effreysil (Hack.) Stapf 
Schizachyrium sanguinewu (Rerz.) Alst. 
Schmidtia pappophoroides Stcud. 
Schkuhria pinnata (lam.) Cabr. 
Securidaco longepedu!lcu/ata Fresen. 
Se/agillella drege1 (Prc~l) Hicron. 
Senecio inaequidens DC. 
Se1aria perennis Hack. 
Sido l'ordlfolia L. 
Solanum dela~:oense Dun. 
So/am1m incanum L. 
Solanum pantiuriforme E. Mey. 
Strychnos cocculoldes Bak. 
Strychnos pungens Solered. 
Tagetes mimua L. 
Talinum arnolil !look. f. 
Tali11um caffrum (Thunb.) Eckl. & Zcyh. 
Tephrosia forbes// Bak. 
Tephrosio long1pes l\leish. 
Terminalia sericeo Burch. ex DC. 
Thesium magalismontanum Sond. 
Themeda triandra Fors~k. 
Tragia rupestris Sond. 
Trachyandra sa/tii (Bak.) Oberm. 
Trachypogon spica/us (L.f.) Kunlc 
Triraplris andropogonoides (Strcud.) Phill. 
Tristachya rehmannii HacL 
Triumfeua sonderi Fical. & Hicrn. 
Unidentified 
Unidentified 
Urelytrum squarrosum Hack. 
Vernonia oligocepha/o (DC.) Sch. Bip. ex Walp. 
Vernonia poskeana Vatke & Hildebr. 
Vitex rehmannii Guerke 
Vigna sp. 
Waltheria indica L. 
Xerophyta retinervis Bak. 
Ximenia caffra Sond. 
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Figure 2 A scaucr diagram of species panicipating in ordination or transect 2. Key to ~pecics i ~ given in Table 8. 
er a/. 1982). 
lt was found that the strong bunch or tuft grass, 
Eragrosris pal/ens and the stoloniferous creeping grass, 
Digitaria eriamha occur regularly through the study area 
(Table 5). Eragrostis pal/e11S often occurred towards the open 
disturbed side and D. eriantha towards a more central posi-
tion in Figure 2 where disturbance is less marked. Theron 
et at. ( 1982), suggest that E. pall ens and D. eriantha repre-
sent a sera! stage for the study area with£. pal/ens in a lower 
posilion in the sere than D. eriantha. It can also be expected 
that the importance of E. pal/ens will decline as succession 
proceeds towards the climax while D. erianrha will remain 
subdominant, or an associated species in the climax 
community. 
The harder coarse grasses, e.g. Urelytrum squarrosum, 
Schizachyrium sanguineum, Hyparrhenia hirta, 
Diheteropogon amplectens and Trachypogon spicatus with 
a low basal cover (Table 5) generally occur in open habitats 
under both mesic and xeric conditions. Within the study area 
these species probably occur in a mid-seral position under 
the prevailing conditions in the Burkea africana savanna 
(Theron 1973 and Theron et a/. 1982). 
The ecological position of the woody species in the scat-
ter diagram, e.g. Burkea ajricana, Ochna pulchra, Grewia 
flavescens, Combretum molle and Strychnos cocculoides is 
unclear but represents the denser tree habitats. Only woody 
individuals shorter than 0,5 m high were recorded in the 
survey. According to Van Rensburg ( 1982) seedlings of 
Burkea africana and Terminalia sericea are more common 
in the under-tree subhabitat than in the open. 
The quadrat scores for the first two axes (Figure 3 and 
Table 8) present a clear pauern. By comparing the frequency 
values of several species in the quadrats with the correspon-
ding quadrat scores (Figure 3) it is obvious that the species 
of general occurrence, e.g. Eragrosris pal/ens and Digit aria 
eriantha do not help interpret the high and low scores. 
Several more xerophytic or disturbance species, e.g. Aristida 
stipitata and Cleome monophylla or coarse hard grasses, 
e.g. Dihereropogon amp/ectens and Urelytrum squarrosum 
did renect some of the high and low quadrat scores and 
therefore support the observed pattern (Theron eta/. 1982). 
However, as the frequency values of the herbaceous species 
in the consecutive quadrats did not generally correspond 
with the different quadrat scores it can be concluded that 
the herbaceous species cannot be considered to be critical 
indicator species of gradients in prevailing ecological en-
S. Afr. J. Bot., 1983, 2(1) 
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figure 3 Traces of ordination and species scores along the field sequence of 200 one m2 quadrats of study area B. Axes I and 2 - quadrat scores 
on first and second DCA axes. Species frequency for species in quadrats as recorded in the field. 
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vironmental factors at Nylsvley. 
From this study it was also clear that although the vegeta-
tion within and between the different study areas is very 
heterogeneous the ecological distribution for the different 
(corresponding) species does reflect the same ecological func-
tion in the study areas. It can also be concluded that the 
herbaceous layer in the Eragrosris pallens-Burkea africana 
tree savanna, irrespective of local differences in distribution 
of herbaceous species, species composition and herbaceous 
cover-abundance values, is functionally homogeneous. It is 
also clear that the herbaceous layer is not greatly influenc-
ed by the tree layer, that it represents a sera! stage and that 
Eragrostis pal/ens and Digiraria erianrha, both with the 
highest basal cover in the study area (Table 5), are represen-
tative of a sera! stage rather than of the climax vegetation . 
The lack of pattern in the herbaceous layer can mainly be 
attributed to the large number of annual and perennial 
pioneer and disturbance-indicating species. 
(b) Ordination and pall em of woody and herbaceous plants 
For this review, only results of the DECORANA ordina-
tion of the species of transect I, the principal transect, will 
be presented in detail (Figure 4 and Table 8). Axis I 
separated all the tree species (Ochna pulchra, Burkea 
africana, Lannea discolor, Combrerum molle, C. zeyheri, 
Terminalia sericea, Dombeya rorundijolia and Acacia caf-
fra) and shrub~. grasses and forbs associated with trees, from 
the species of the open areas. The first axis thus represents 
a range from cover to open areas, corresponding with the 
500 
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first axes of ordinations of Acacia savanna (Whittaker er 
a/. 1982). Fewer species were closely associated with the trees 
and closed areas than with the open areas. 
The second axis of Figure 4 separated quadrats contain-
ing Termina/ia sericea or Acacia caffra from Burkea africana 
and the other tree species. It also divided quadrats from the 
open areas into two arms extending from a central core 
towards the upper and lower left corners of the diagram. 
The B. africana/ T. sericea axis was interpreted primarily 
as one of nutrient relationships. Calcium concentrations in 
soil samples taken along the transect at 50-m intervals show-
ed generally decreasing concentrations from the start to the 
end of the transect. Potassium and magnesium behaved 
similarly although the pattern of decreasing concentration 
was not as clear. Although the terrain was almost level, the 
transect extended up a gentle slope from the beginning to 
the end. Slight soil differences, representing a fraction of 
a catena, were thus to be expected and were found in results 
presented by Whittaker er a/. (1982). 
For the covered half of the ordination the nutrient rela-
tions of axis 2 involved additional effects, those of the domi-
nant trees. From analyses of soil samples collected from 
specific sites, Whiuakcr era/. (1982) found that there was 
an accumulation of aluminium and iron in the soil beneath 
B. africana compared with both open sites and other tree 
species whereas manganese was particularly low under B. 
africana. In comrast, with T. sericea and Acacia cajjra there 
was an accumulation of calcium, potassium and magnesium 
beneath the trees compared with B. africana and (less clearly) 
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Figure 4 Ordination b)' DECORANA of 110 transect I species. Key to species is given in Table 8. 
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open sites. The subhabitats with leguminous trees, namely 
under B. ajricana and A. cajjra, had approximately dou-
ble the N03 -nitrogen concentrations of the other soils. 
Whittaker er at. (1982) thus considered that there was a 
subtle microgradient in soil nutrient levels along the transect, 
but also subtle microgradiems in soil nutriem levels within 
segments of the transect as affected by open and wooded 
areas. The nutricm relations were considered complex, but 
the ordination suggested that many species respond similarly 
to the macro- and microgradients. The species response to 
the latter is rcnected in the second axis of the within-
community pattern in this woodland. The full meaning of 
the species responses to cover of B. ajricana as compared 
with T. sericea within segments of the transect could not 
be established. Whittaker et at. ( 1982) suspect that B. 
ajricana may be somewhat better adapted to sterile soils, 
and T. sericea somewhat better at accumulating major 
elements (except nitrogen) from the soil imo the litter and 
upper soil layers in which subordinate plants were rooted. 
The relationship of the open quadrats to the second axis 
was less clear (Whittaker et at. 1982). Field observations sug-
gest, however, that the species in the lower left quadrant 
of Figure 4, many of which arc graminoids, were 
characteristic of sandier and more strongly leached soils than 
those of the upper left quadrant, many of which are forbs, 
and characteristic of less sandy, less leached, and sometimes 
moister soils. 
Whittaker eta/. (1982) judged that the savanna of transect 
I was significantly patterned, with one major axis of species 
and quadrat differentiation related primarily to tree cover 
and the other to soil fertility. The axes were difficult to 
recognize because the community was: (i) rich in species, 
probably with a number of species of similar adaptation able 
to replace one another in a given quadrat, and (ii) stochastic 
in its pattern both because of this richness and because of 
the effects of frequent fire and of animals in reducing cover 
and permitting establishment of seedlings outside their op-
timum ranges in the pattern. 
The degree of the pattern differentiation was not great, 
i.e. many species can occur along most or all of the ranges 
of environmental conditions represented by the ordination 
axes. Matrix randomization tests by Whittaker et at. ( 1982) 
suggested that, despite the stochastic quality of the data, 
the first two ordination axes expressed significant order in 
the data. 
The open-closed canopy axis of transect I was repeated 
in ordinations of the other B. africana/ T. sericea transects 
although it was not as clearly expressed. The axis from B. 
africana to T. sericea, a lthough discernable in transect 6, 
and possibly representing a nutrient gradient, was not as 
easily recognized. Very little pattern could be discerned from 
corresponding ordinations of rocky soil savannas (transects 
4 and 5) on Maroelakop although Whittaker et at. (1982) 
concluded that the pattern found was the result of more than 
random differences in species occurrence and was most pro-
bably related to small soiJ depth and soil moisture 
differences. 
4.5 Aboveground plant standing crop 
A summary of the main results of Rutherford's (1979) results 
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is given in Table 9 and results from the excJosure plot are 
given in Table 10. While differing in detail, the overall results 
from both studies are remarkably similar although carried 
out in different growing seasons and in different areas of 
Nylsvley. Burkea ajricana contributes about half the total 
biomass at Nylsvley with Oclma putchra, Terminatia sericea 
and Vitex rehmannii being generally next most important. 
Rutherford ( 1979) reports that there are some major dif-
ferences in distribution of the total biomass of some species 
from study area to study area, citing Combretum zeyheri 
and Oclma putchra as examples, and he also observed dif-
ferences in total biomass between study areas. Examples of 
differences in detail include Grewia jtavescens which has 
twice the total biomass (live material, aboveground) in the 
exclosure plot compared with Rutherford's data but only 
haJf the dead-wood mass. Terminalia sericea and Vitex 
rehmannii appear to complement each other, the former 
having the third highest biomass in Rutherford's study areas 
and the latter being ranked third in the exclosure plot. These 
differences and others apparent from Tables 9 and 10 are 
of the same order of magnitude as those found by Ruther-
ford (1979) between his five study areas. 
It was found by Grossman (1981) that, in the case of the 
sward as a whole, there was a significantly greater amount 
of biomass over the year in the open subhabitat than under 
Burkea ajricana trees or Ochna putchra shrub clumps. The 
palatable forage species biomass was, however, of the same 
order under 8. ajricana trees as in the open over the year, 
with that under 0. putchra remaining significantly lower 
than in the other two subhabitats. Significantly greater 
amounts of biomass of unpalatable, non-forage species were 
present in the open subhabitat than in the two canopied sub-
habitats. Peak biomass values recorded in each subhabitat 
were, in the case of the sward as a whole, 55,4 g m 2 in the 
Table 9 Mean total peak season aboveground 
biomass relations (kg ha _,) for the five transects 
surveyed by Rutherford (1979) 
Stem and Dead 
Total branch Current Leaf wood 
Species biomass wood twig biomass ma~~ 
Burkea ajricana 8687 8221 66 400 519 
Ochna putclrra 2136 1811 36 289 42 
Terminalia sericea 173~ 1564 10 160 204 
Grewia jla1'escens 256 t23 86 ~7 977 
Vitex relrmannii 815 719 14 82 13 
Combretwn 
zeylreri 691 646 9 36 28 
Dombeya rotundi-
folia 380 352 7 2t II 
Combretum motte 353 334 4 15 12 
Strychnos pwrgens .312 298 0 I~ 9 
Strychnos coccu-
/aides 448 435 12 23 
Securidaca Ionge-
pedunculata 207 201 5 7 
Remaining specie; 255 233 2 20 14 
AU species 16273 14937 236 1100 1859 
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Table 10 Peak season aboveground biomass data (kg ha - •) and aeria l cover 
(%) in exclosure 
Toral Stem" Branch Current Leaf Dead Aerial 
Species biomass wood wood twig biomass wood cover (%) 
Burkea ajricana 8896 5749 2688 64 395 502 17,6 
Ochna pulchra 2647 1408 874 39 326 56 18,7 
Vi/ex rehmannii 1105 963 21 121 17 4,5 
Combrewm mo{{e 1005 929 6 70 54 2,8 
Strychnos cocculoides 797 756 3 38 42 0,8 
Grewia jlavescens 491 395 50 46 419 5,9 
Terminalia sericea 285 167 89 2 27 33 1,7 
S1ryclmos pungens 195 85 96 13 6 0,8 
Combretum zeyheri 152 141 2 9 6 0,2 
Lannea discolor 104 93 10 6 0,3 
Ozoroa paniculosa 101 88 12 6 1.2 
Securidaca longepedunculala 52 49 1 2 0,4 
Dombeya ro11mdijolia 27 21 2 4 0,4 
Ximenia cajfra 10 9 
Euclea natalensis 9 8 0,3 
Dichrostachys cinerea 2 0,3 
Total 15878 14609 193 1076 1151 
·'Calculated by subtraction of all other categories from toral biomass 
open, 42,6 g m - 2 underB.africanaand33,1 g m- 2 under0. 
pulchra. 
5. Conclusions 
Although the Nylsvley Savanna Ecosystem study area at first 
sight may appear to be uniform, detailed studies of the struc-
ture, pattern and species composition show that it is a 'more 
than Daedalian maze of variations and transitions' (Acocks 
1975). 
The tree layer of this savanna varies not only in species 
composition from one area to another but also in structure, 
density and biomass. The five areas studied in detail were 
classified by Coetzee et at. (1976) as minor subvariations 
of the Burkea savanna but it is concluded that they should 
be regarded as discrete types in detailed studies of primary 
production and ecosystem function. Shrubs or small trees 
of the dominant species are generally much more frequent 
and occur at higher density than the trees of the higher height 
classes and contribute about 900Jo of the total number of 
woody plants in the savanna. However, where large trees 
occur they contribute significantly greater amounts to the 
biomass of the area. 
With respect to the herbaceous layer, the whole study area 
may be considered ecologically homogeneous, yet there is 
a marked variation in species composition and distribution 
within the study area and in time. These differences in place 
and time can be related to local microclimate, edaphic varia-
tion, fire and macroclimatic variations over the period of 
study. Although there were no marked differences in species 
composition under trees and in the open, the basal cover 
of the herbaceous layer is higher in the open subhabital. 
Ordination studies showed that a gradient from an open 
habitat to a shrub or tree habitat exists which reflects higher 
moisture and nutrient status under the trees. A second gra-
dient of disturbance resulted with annuals, e.g. Aristida spp., 
at the disturbed end, which are indicative of pioneer condi-
tions, and perennials, Setaria perennis and Panicum max-
imum at the undisturbed end, representing the climax grass 
species of the Burkea savanna. The two common grass 
species of this savanna, Digitaria eriantha, which is a sub-
dominant of the climax community, and Eragrostis pollens, 
which represents a more pioneering species, are indicative 
of the slightly disturbed and xeric nature of the present sera! 
stage of this type of savanna. 
Ordination and pattern studies of the woody and her-
baceous plants also showed a gradient from open to closed 
habitats, and a second gradient with Terminalia sericea and 
Acacia cajjra at one end and Burkea ajricana at the other. 
This gradient was related to nutrient status of the soils, the 
former showing an accumulation of calcium, potassium and 
magnesium and the latter higher concentrations of 
aluminium and iron. Burkea africana is somewhat better 
adapted to sterile soils and Terminafia sericea better at ac-
cumulating major elements into the litter and upper soil 
layers. 
The savanna was found to be significantly patterned with 
axes representing tree cover and soil fertility. However, the 
degree of pattern differentiation was not great and often 
difficult to recognize. 
Aboveground biomass studies have shown that Burkea 
ajricana contributes about half the total biomass at Nylsvley, 
with Ochna pufchra, Terminafia sericea and Vitex rehmanii 
being the next most important species. Major differences 
in distribution of some woody species, e.g. Ochna pufchra 
and Combretum zeyheri produced great variation in biomass 
in the different areas studied. There was a significantly 
greater amount of herbaceous biomass in the open 
subhabitat yet the palatable forage species biomass was of 
the same order in the open and under B. africana trees. 
Under Ochna pufchra the biomass was significantly lower. 
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